ABSTRACT
The aim of this work is to explore the current distribution and dispersal rates of two nonindigenous crayfish species (NICS) recorded in Croatia: the signal crayfish (Pacifastacus leniusculus) and spiny-cheek crayfish (Orconectes limosus). Both NICS have been recorded in the Drava River basin, with signal crayfish spreading downstream from the north-west along the Drava's tributary the Mura River, and spiny-cheek crayfish spreading upstream from the east from the Danube River throughout the Drava River. Signal crayfish distribution in the Mura River has been recorded up to 3 km from the confluence with the Drava River. Based on literature data and the current recorded distribution front, the downstream dispersal rate was between 18 and 24.4 km·yr −1 . Spiny-cheek crayfish distribution has been recorded 15 km upstream of the Drava River mouth into the Danube River. Its upstream dispersal in the Drava River has been calculated at 2.5 km·yr −1 . Both NICS could have an impact on native crayfish populations recorded within the Drava River basin in Croatia: the noble crayfish (Astacus astacus) and the narrow-clawed crayfish (Astacus leptodactylus). In the Mura River no noble crayfish have been recorded since 2007, and the watercourse is at the moment dominated by the signal crayfish. Spiny-cheek crayfish populations have been found in coexistence with narrow-clawed crayfish populations, with O. limosus dominating by 16:1.
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INTRODUCTION
Biological invasions are well recognized as one of the most significant components of humaninduced environmental change (Sala et al., 2000) , with invasive alien species (IAS) considered the second leading factor of biodiversity loss, after habitat destruction (Lodge et al., 2000) . Inland waters are especially vulnerable to biological invasions as they are subject to extensive and growing unintentional and intentional releases of organisms (Lodge et al., 1998; Ricciardi, 2001) . The vulnerability of inland waters to biological invasions can result in complete domination of waterscapes in certain regions by IAS, such as water hyacinth or the red swamp crayfish (Procambarus clarkii) in several water bodies of southern Europe (Holdich and Pöckl, 2007) . Throughout history, various crayfish species have often been introduced outside their native ranges. According to Hobbs et al. (1989) , transcontinental or interstate translocations include a relatively small number of crayfish species (around 20), but a large number of introductions. The introduction and cultivation of non-indigenous freshwater crayfish in Europe is increasing, so today the majority of European countries have at least one NICS introduced (Holdich, 2002) . NICS spread has a devastating impact on populations of indigenous crayfish species (ICS), which disappear in the contact zones, mainly as a consequence of crayfish plague and competition (e.g. Pöckl, 1999; Machino et al., 2004) . Crayfish represent important components of freshwater food webs, both in terms of biomass and ecosystem functioning, due to their large size and relatively long life span, omnivorous feeding habits, and their role in ecosystem engineering (Lodge et al., 1994; Usio and Townsend, 2002; Statzner et al., 2003) . Therefore, non-indigenous crayfish can have a profound impact on the ecosystem they invade. As of 2008, six freshwater crayfish species are known to exist in Croatia: four native and two non-indigenous crayfish species. Three out of four native species, namely the noble crayfish (Astacus astacus), the stone crayfish (Austropotamobius torrentium) and the whiteclawed crayfish (Austropotamobius pallipes) are protected at national and international levels (Narodne novine 70/05 and 139/08; Bern Convention Appendix III). Appendix III of the Bern convention lists A. torrentium and A. pallipes as species that require the setting up of special areas of conservation for their protection (Souty-Grosset et al., 2006) . Of the invasive crayfish species, spiny-cheek crayfish (Orconectes limosus) and signal crayfish (Pacifastacus leniusculus) are known to be present in Croatia. Both species were recorded in the rivers belonging to the Black Sea drainage system (Maguire and Klobučar, 2003; Maguire and Gottstein-Matočec, 2004; Maguire et al., 2008) . Specifically, both NICS were recorded in the Drava River basin in Croatia, with signal crayfish spreading downstream from the north-west along Drava's tributary, the Mura River, and spiny-cheek crayfish spreading upstream from the south-east from the Drava River mouth near Osijek in addition to its downstream dispersal through the Danube River. The aim of this work is to explore the current distribution of the two invasive species, and to estimate their dispersal speed, based on recent fieldwork and literature data. Estimation of dispersal includes the estimation of encounter area and encounter time of the signal crayfish and the spiny-cheek crayfish within the Drava River. These data constitute important information for any future invasive species management activities.
MATERIALS AND METHODS
> STUDY AREA
The Drava River is the fourth largest and longest tributary of the Danube River. Its source is located in Italy, from where it drains the Southern side of the Alps to the Danube River and the Black Sea. This 719-km-long river flows through Austria, Slovenia, Croatia and Hungary. Between the two latter countries (Croatia and Hungary), it forms the border, while its mouth into the Danube River is located in Croatia near Osijek. The Mura River is a tributary of the Drava, and subsequently the Danube. Its total length is 465 km, of which 295 km is located in Austria, 98 km is in Slovenia and the rest forms the border between Croatia and Hungary (75 km). The Drava River has been severely impacted by the construction of hydropower plants. Along the upper reaches, above the Donja Dubrava impoundment in Croatia (up to rkm 254), more than 20 dams have been constructed. Also, as in the majority of European rivers, the lower Drava reaches have been considerably regulated with embankments and channels. In spite of these changes, natural habitats along the middle and lower reaches of the river host unique assemblages, as well as several endemic species, of flora and fauna. Therefore, initiatives have been taken to establish a Transboundary Biosphere Reserve (WWF, 2009) along the Drava, the Danube and the Mura rivers involving all countries sharing the river basin. In the Drava River basin in Croatia two native crayfish species have been recorded: the noble crayfish (A. astacus) and the narrow-clawed crayfish (A. leptodactylus) (Maguire and Gottstein-Matočec, 2004) . The noble crayfish populations are more numerous in the upper reaches of the Drava River in Croatia, while the narrow-clawed crayfish occurs in the lower reaches near its confluence with the Danube River.
> RESEARCH METHODS
Research comprised of literature and fieldwork data gathering. Literature data gathering included data from neighboring countries in the region, namely Slovenia, Serbia and Hungary (Pöckl, 1999; Bertok et al., 2003; Puky et al., 2005; Govedič, 2006; Govedič et al., 2007; Pavlovič et al., 2006; Puky and Schád, 2006; Veenvliet, 2006) , as the presence of NICS in Croatia is mainly the consequence of their dispersal through large rivers of the region. Fieldwork was performed along the Drava River catchment from September 2007 to August 2009. Sampling encompassed the rivers Drava and Mura, their small tributaries and side channels, as well as nearby ponds. Altogether, 160 sites in the Mura River were analyzed, 46 sites in the Drava River, 10 sites in the Danube River, 4 channels adjacent to these rivers and 2 ponds (Table I) . Sampling consisted of hand search and the use of baited LiNi traps (Westman et al., 1978) . In the Danube, the Drava and the Mura rivers and their adjacent channels and ponds, traps were exposed along the shore. Additionally, some sampling in the Drava River was performed by exposing traps in the middle of the watercourse. LiNi traps were positioned from the boat (three sampling occasions on the Mura River, three sampling occasions on the Drava River) or from the shore. During fieldwork by boat, traps were exposed at approximately 250-m intervals and left overnight. During the fieldwork from the land, traps were set more densely at approximately 25-m intervals and examined for 1-4 nights. All captured NICS were sexed, weighed, their morphometrical characteristics measured and taken to the laboratory for further analyses. Native species were sexed, weighed and measured and released at the same location where they were caught. Graphical presentations of species distribution range were done using ArcGIS 9.1 software. 
RESULTS
> SPINY-CHEEK CRAYFISH (ORCONECTES LIMOSUS)
O. limosus was first recorded in Croatia in 2003 (Maguire and Klobučar, 2003; Maguire and Gottstein-Matočec, 2004) in the Nature Park Kopački rit, where it spread from the Hungarian section of the Danube River. Since 2003 it has been found at several sites along the Danube River and its tributaries or adjacent channels (Figure 1 ). The presence of O. limosus in the Hungarian and Serbian parts of the Danube River was confirmed in several studies (Karaman and Machino, 2004; Puky et al., 2005; Pavlovič et al., 2006; Puky and Schad, 2006) , some of which have emphasized the fast colonization rate of this species in its downstream migration along the Danube River (13-16 km·yr −1 ; Puky and Schad, 2006) . In Serbia, the spiny-cheek crayfish was recorded in 2002 in the Danube River near Apatin, which is only 10 km upstream of the locality of the first record in Croatia. In 2003, it was found near the town of Novi Sad (Serbia), around 130 km downstream of the first record site in Croatia (Karaman and Machino, 2004) . In Romania, the most downstream record (year 2008) is the locality Berzasca, while in the Ieşelniţa locality (961 rkm) only A. leptodactylus was found (Pârvulescu et al., 2009) . Additionally, spiny-cheek crayfish has been found in the Tisza River and its tributaries (Sallai and Puky, 2008 cited in Pârvulescu et al., 2009) , meaning that invasion has spread to additional large river systems. When all distribution data are taken into account, the average speed of the downstream spread is 50 km·yr −1 , while the overall dispersal speed between Budapest and Berzasca is 30 km·yr −1 (Table II) . On average, the downstream dispersal rate is lowest in Hungary (12 km·yr −1 ), higher in Romania (48 km·yr −1 ) and highest in Croatia and Serbia (84 km·yr −1 ). In 2008, O. limosus was recorded in the Drava River, where it is spreading upstream from the Danube River. The mouth of the Drava River into the Danube River is less than 10 km downstream of the first record of spiny-cheek crayfish in Croatia; hence, it can be assumed that O. limosus reached the Drava River in the year 2003. Taking into account its current distribution front in the Drava River, which is 15 km upstream of the confluence with the Danube, the rate of upstream dispersal is less than 2.5 km·yr −1 . During the study period, populations of native narrow-clawed crayfish (A. leptodactylus) were recorded in the Drava River and the Danube River (Figure 1 ). Both rivers represent the natural distribution range of A. leptodactylus. However, narrow-clawed crayfish were recorded in a lower number of sites than the invasive spiny-cheek crayfish. In the Drava River, species were found in mixed populations, which were dominated by O. limosus. In the Drava River, the ratio of CPUE between invasive and native species was 16:1 (Table III) . The calculations of NICS encounter area and time of encounter were based upon the assumption that species will continue to colonize the Drava River at the same dispersal rates. This suggests that signal crayfish would colonize a higher proportion of the Drava River, downstream of the Mura River mouth (rkm 236.7). The calculated encounter area would be 50 km from the Drava River mouth (into the Danube River), near the town of Belišće, and it would take 10 years for the two species to meet.
> SIGNAL CRAYFISH (PACIFASTACUS LENIUSCULUS)
The first record of the signal crayfish in Croatia dates from 2008 (Maguire et al., 2008) . Until now, signal crayfish records in Croatia have been found only in the Mura River, where it is spreading downstream toward the confluence with the Drava River. In the extensive fieldwork performed during seven trapping events, signal crayfish distribution was recorded up to 3 km upstream of the river mouth (into the Drava River) (Figure 1 ), which is almost the whole Mura River length in Croatia (75 km). The first and the most upstream record of P. leniusculus in the Slovenian part of the Mura River dates from 2003 (Bertok et al., 2003; Govedič, 2006; Veenvliet, 2006) . In 2006 it was recorded downstream as far as the confluence with the Ščavnica River (Govedič, 2006) , which is located one kilometer from the Croatian-Slovenian border. Taking into account the current recorded distribution limit and the most downstream record in Slovenia (river Ščavnica), downstream dispersal has been calculated at 18 km·yr −1 . If the most upstream record in Slovenia (Slovenian-Austrian border) from 2003 is taken into account (Govedič, 2006) this rate increases to 24.4 km·yr −1 . When compared with other rates of signal crayfish dispersal, recorded by different authors (Table IV) , this rate is much higher than expected. Catch per unit effort (CPUE) in the period of increased crayfish activity (August-October) at the most downstream site (Veliki Pažut, Figure 1 ) was on average 1 CPUE (crayfish/trap/night), while at the most upstream site (Sv. Martin, Figure 1 ) it was 5.1 CPUE (Table V) 
DISCUSSION
The occurrence of two NICS in Croatia is most probably the result of species dispersal along the Danube and the Mura rivers. Since crayfish are not regarded as a commercial item in the northern and eastern parts of Croatia, it is not likely that deliberate introductions of these species have occurred in Croatia. However, these events cannot be excluded as one of the possible means of NICS dispersal. Deliberate introductions are considered as one of the two most likely factors of the fast downstream spread of O. limosus along the Danube River (Puky and Schad, 2006; Puky, 2009) . Also, as Puky and Schad (2006) argued, unknown translocations by boat traffic along the Danube River cannot be excluded as a possible introduction route for spiny-cheek crayfish. Boat traffic in the Danube River was given as a possible cause in the formation of an isolated population in the Ölhafen, in the south-eastern part of Vienna 09p7 (Pöckl, 1999) ; therefore, this factor could have influenced the colonization of the Hungarian, Croatian, Serbian and Romanian parts of the Danube River by O. limosus.
The invasive spiny-cheek crayfish is present in the Croatian section of the Danube River where it spread from Hungary, and recently it has started its spread into the Drava River. The recorded dispersal rate in the Drava River (2.5 km·yr −1 ) is much lower than the literature records for the region (Puky and Schad, 2006) , due to the dispersal direction (upstream). The comparison of CPUE for O. limosus in the main watercourse (the Drava River) and the adjacent channel (Renovo) shows that population density in the channel is two times higher than in the main watercourse (Table III) . Apparently O. limosus uses the main watercourse (the Drava and the Danube rivers) for migration and dispersal, while it primarily inhabits channels where it establishes dense populations which form the basis for further dispersal. All of the O. limosus records in Croatia were found at altitudes of 100 m, while in some European countries such as Switzerland, they were recorded as high as 800 m a.s.l. (Hefti and Stucki, 2006) . As the Danube and the Drava rivers are at lower altitudes, the invasion has the potential to spread over the vast majority of water bodies in the Danube River catchment of Croatia.
In the Drava River O. limosus coexists with the native A. leptodactylus. In mixed populations, O. limosus exhibits higher population densities (approximately 16 times higher) than the native species; therefore, its impact on the river ecosystem may be stronger.
Signal crayfish records in the Slovenian and Croatian parts of the Mura River are considered to be the consequence of its spread from Austria where it was introduced in the 1970s (Pöckl, 1999; Pöckl and Pekny, 2002) , and to date it has been recorded in at least 119 localities all over Austria (Pöckl, 1999) . The downstream dispersal rate calculated from our data (18-24.4 km·yr −1 ) is very high compared with the results of other authors (Table IV) . Among the analyzed literature data, the highest downstream dispersal rate was recorded in Austria at 7 km·yr −1 (Weinländer and Füreder, 2009) , which is still 2.5 times lower than the values obtained in this study. The fast spread of the signal crayfish along the Mura River could perhaps be the consequence of hydrological conditions. The average discharge of the Mura River in Slovenia is 162 m and 646 m 3 ·s −1 at the upper and the lower sections of the Mura River, respectively (Globevnik and Mikloš, 2009) . Changes in the water flow and sediment transport dynamics observed in the Mura River since the 1960s have been influenced by the construction of hydropower plants in the upper parts of the Mura River in Austria. Cumulative effects from extensive water abstractions and limited drainage of water in the river and tributary system resulted in an extensive lowering of the river bed and groundwater level, as well as an increased level of erosion (Globevnik and Kaligarič, 2005) . With these hydromorphological changes, floods have almost doubled since the 1960s (Globevnik and Kaligarič, 2005) . All the abovementioned aspects of hydrological changes, such as changes in the flow dynamics with high discharge peaks and frequent flooding, could potentially facilitate the fast dispersal rate of signal crayfish along the Mura River. The influence of flood events on crayfish downstream dispersal has been observed by several authors (e.g. Momot, 1966) . On the other hand, the calculated high dispersal rate may also be the consequence of the undetected presence of signal crayfish in the Croatian part of the Mura before 2008 or Slovenian part of the Mura River before 2003. Lastly, human interference (deliberate introductions) cannot be excluded as a possible explanation of the recorded fast range expansion.
Signal crayfish population densities are high at the most upstream sites in the Croatian part of the Mura River (5.1 CPUE), and entirely dominated by this species. No noble crayfish have been caught since 2007 in any section of the Mura River. These data are still not sufficient to confirm that the noble crayfish has been displaced from the Mura River in Croatia, although research in other countries shows that replacement of the native by the invasive crayfish can take place. In many water bodies of Austria, replacement of the noble crayfish by the signal crayfish has been recorded in a period of 4-5 years (Pöckl, 1999) . In Germany, a slow upward displacement of the stone crayfish, Austropotamobius torrentium, by plague-free signal crayfish was observed (Huber and Schubart, 2005) . No impact of signal crayfish has yet been observed on stone crayfish populations in the tributaries of the Mura River in Slovenia (Govedič, pers. comm.) . The noble crayfish populations are still numerous in the side channels and ponds between the Mura River and the Drava River. Pond populations were mainly formed by deliberate introductions by local fishermen approximately 20 years ago. Signal crayfish populations have not been recorded in any of the ponds yet. These ponds are isolated and maintain stable noble crayfish populations as no crayfish trapping occurs in this area. Isolated populations of ICS have an increasing importance as refuge sites and potential pools of genetic diversity for repopulation in the future. Therefore, ponds between the Mura River and the Drava River could represent possible sites for native noble crayfish conservation in the Drava River basin. Calculated species dispersal rates for both NICS were based upon the assumption that the last NICS record (the most downstream in the case of P. leniusculus in the Mura River, and the most upstream in the case of O. limosus in the Drava River) represents the distribution front. However, as trapping activities are biased towards larger specimens (Hogger, 1988; Price and Welch, 2009 ) it is very likely that the actual distribution front has not been precisely located, because population densities at the front will be very low and possibly dominated by smaller individuals. The calculated encounter area in the Drava River and timing (10 years from now, at rkm 50) are very speculative as they presume the same dispersal rate for signal crayfish in the Drava River as in the Mura River, which is highly unlikely due to differences in hydrological regimes and other environmental characteristics. Also, this calculation does not take into account the influence of human facilitation of dispersal through intentional or unintentional introductions on the calculated and predicted dispersal values.
CONCLUSION
Two NICS recorded in the Drava River catchment are experiencing a fast expansion rate. The fast downstream dispersal rate of the signal crayfish in the Mura River is in agreement with the rates of downstream dispersal of spiny-cheek crayfish in the Danube catchment. The fast range expansion of these two species in large rivers was recorded by several authors who consider it as a consequence of either undefined biological or ecological factors or human interference. Regardless of the exact cause, it seems that large rivers of the Black Sea drainage system represent an important corridor for fast downstream dispersal of invasive crayfish. In the Drava River catchment, the crayfish fauna could become completely dominated by two NICS if no management activities are put into action. Finally, due to the speed and intensity of dispersal, the invasion in the Drava river catchment has the potential to spread in the vast majority of water bodies in NE Croatia.
